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The study evaluated the contribution of various energy sources to the smallholder processing of oil palm 
in Nigeria. Ten small-scale palm oil processing mills were visited at Elele, River State, Nigeria for sample 
collection. The weight of the various solid wastes generated and utilized for boiling process were 
measured including EFB (empty fruit bunch), PPF (palm press fiber), PKS (palm kernel shell) and chaff, 
while the volume of diesel used for digestion was also measured. The processing of 1 tonne of FFB (fresh 
fruit bunch) in the mill yields 63.4—77.1 L of CPO while the following waste by-products were generated 
from the FFB; 24 to 31% EFB, 23 to 28% PPF, 10 to 12% PKS and 1.4 to 2.4% chaff. Out of the total biomass 
generated by the mills only 12.74-22.25% EFB, 24.43-33.38% PPF, 2.71-6.71% PKS and 15.12-49.04% 
chaff were utilized by the various mills for fruit boiling/sterilization, indicating that the majority of 
biomass wastes is unutilized in the mills. The volume of diesel utilized by the mills for digestion is quite 
low ranging from 0.6 to 0.8 L. The gross calorific values of the waste biomass are EFB 16.970—18.537 MJ/ 
kg, PPF 16.472-21.037 MJ/kg and PKS 19.378-21.614 MJ/kg. The total energy utilized by the mills for 
processing 1 tonne of FFB ranged from 2179.43 to 3014.31 MJ. Out of these, biomass energy accounted for 
98.22-98.75%, while fossil fuel accounted for the remaining 1.25-1.78%. The study concluded by sug¬ 
gesting innovative ways of substituting the <2% fossil fuel contribution with the direct use of pre-heated 
palm oil to fuel the digesters. 

© 2013 Elsevier Ltd. All rights reserved. 


1. Introduction 

Palm oil is an edible vegetable oil produced from the fleshy 
mesocarp of the oil palm fruit, Elaeis guineensis Jacq. In addition to 
being used as cooking and frying oil, it is also used industrially in 
the production of soap and pharmaceuticals [1,2], lubricants and 
biodiesel [3,4], Mahlia et al. [21] reported that 90% of palm oil 
produced in Malaysia is consumed as food. The oil palm tree is 
unique in producing two different types of oil: crude palm oil (CPO) 
from the mesocarp and palm kernel oil (PKO) from the endocarp. 
Oil palm is a tropical forest crop that originated from West Africa 
[5], and it belongs to the family Palmae [6], It requires an annual 
rainfall of 1800—5000 mm/year [2] and a temperature of 24—39 °C 
[7], Oil palm is tolerant to a wide range of soil types with relatively 
low pH [8], However, it is often regarded as the most productive 
and economic oil crop in the world [9-14], An hectare of oil palm 
generates 10-35 tonnes of fresh fruit bunch (FFB) per year [15-17], 
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CPO can be extracted from oil palm fruits using either the dry 
milling or wet milling methods. Most large-scale mills (i.e. those 
processing 10-80 tonnes of FFB/h) make use of the wet milling 
method, while the small-scale processors use the dry milling 
method. The basic differences in both methods are in the manner of 
fruit sterilization/cooking. In large mills, the entire bunch is ster¬ 
ilized prior to threshing, whereas, in small mills, bunches are 
threshed/stripped prior to sterilization. Expectedly, the resultant 
empty fruit bunch (EFB) produced from the wet milling process is 
wet, but dry in the dry milling processes. While the large mills are 
fully mechanized, the small-scale mills are manual using human 
energy in most of their processing operations. Hence, energy use in 
small-scale oil palm processing is not often reported. However, 
large-scale oil palm mills require considerable energy for the pro¬ 
duction of process steam and lighting and for running the equip¬ 
ment in the mills. For instance, the power requirement to process 1 
tonne of FFB ranged from 14.5 to 25 kWh [18-21], The energy 
requirement of the mills is generated by using oil palm processing 
wastes to fire boilers, which drive steam generators to produce 
electricity to operate the large mills. Small-scale mills are typically 
not equipped to generate electricity, but use the processing wastes 
to directly fire boilers for fruit sterilization. 
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Typically, the processing of 1 tonne of FFB will yield 10—30% 
CPO, while generating the following wastes 12—14% fiber, 6—10% 
shell, 20-59% EFB and 60-70% palm oil mill effluent (POME) [18— 
23], depending on the variety of the oil palm and the processing 
method. In both large and small mills, these by-products are often 
generated in excess of the mill requirement; hence some of them 
are disposed into the environment leading to pollution and loss of 
potential energy resources. Some large-scale mill uses all the fiber 
and 50% of the shell to produce enough steam and electricity to 
process CPO. Hence, most of these mills not only are energy self- 
sustaining, but also they can supply excess electricity to the na¬ 
tional grid [18,19], In addition to electricity generation via steam 
cycle, most large mills are able to use anaerobic digestion to pro¬ 
duce biogas from POME, which can also be used to generate elec¬ 
tricity via gas turbine. 

The smallholder oil palm processors in Nigeria are neither 
equipped with steam/gas turbine to generate electricity in-situ nor 
connected to the national grid. Electricity supply in Nigeria is of 
poor quality, insufficient and highly unstable [24,25], which is 
largely responsible for poor economic growth [26], Only 40—45% of 
the country is connected to the national grid, and because most 
palm mills are located close to palm estates and other sources of 
feedstock, are not connected to the national grid. Even manufac¬ 
turers in urban centers like Lagos, Ibadan, and Port - Harcourt that 
are connected to the national grid are dependent on self-generated 
electricity to power their operations [24], Unlike in Malaysia, 
Indonesia and Thailand, the oil palm sector in Nigeria is dominated 
by small-scale processors who process 80% of Nigerian CPO using 
rudimentary equipment and gathering oil palm fruits from 
dispersed wild and semi-wild grooves [27], The Nigeria smallholder 
processors use oil palm processing wastes (shell, chaff, EFB and fi¬ 
ber) directly to fuel boilers for fruit cooking, while diesel powered 
engine is used for digestion. All the other process operations are 
done manually. The contribution of biomass wastes as energy 
source for oil palms processing by smallholder processors has never 
been reported. Hence, this study is aimed at: (1) estimating the 
contributions of waste biomass to the total energy requirement of 
the mills (2) estimating the excess waste biomass that is potentially 
available for other purposes including generation of excess elec¬ 
tricity and biofuels and (3) suggesting innovative ways that the 
waste biomass could be used as fuel for digestion, thus displacing 
diesel completely and becoming 100% energy self-sufficient. 

2. Materials and methods 

2.1. Sampling 

Ten small-scale palm oil processing mills were visited at Elele, 
River State, Nigeria, from the 13th to 22nd April, 2012, for sample 
collection. Oil palm extraction process was observed. The weight of 
the various solid wastes generated including EFB, PPF (palm press 
fiber), PKS (palm kernel shell) and chaff was measured using 
weighing scale. The quantity of the solid waste used for boiling was 
also measured, while the volume of fossil diesel used for digestion 
was measured using a measuring cylinder. 

2.2. Gross calorific value determination 

The oil palm processing waste samples were pulverized in a 
pulverizer (Cyclotex mill), and about 0.5 g of crushed samples were 
weighed. Firing cotton was attached to the firing wire of the bomb 
using a forceps. The pressure gauge of the oxygen cylinder was set 
to 3000 MPa, and pressure was allowed to build up in the bomb. 
The bomb was taken out and loaded into the calorimeter (E2K 


Bomb Calorimeter: Digital Data System (Pty) Limited, Gauteng, 
South Africa) and readings were taken. 

2.3. Energy use computation 

The total energy used by each of the mill was obtained by first 
converting both energy sources (biomass and diesel) to a common 
energy unit (MJ). This was done by multiplying the weight of 
biomass used to fire the boiler with the calorific value obtained 
from the bomb calorimeter measurement and adding it to the 
product of the volume of diesel used for digestion and energy 
content of diesel (56.3 MJ/1) [28], Hence, the proportion of each of 
the energy sources used for processing oil palm was computed. 
Based on the mass balance [22] of smallholder oil palm processing, 
the amount of excess biomass was estimated. 

2.4. Data analysis 

SPSS software version 17 (SPSS Inc, Chicago) was used to carry 
out the statistical analysis on the calorific value. A one-way analysis 
of variance was carried out at a = 0.05, and Duncan’s multiple range 
test was used to discern the source of the observed differences. 
Descriptive statistics (in proportion) was used to express the frac¬ 
tion of biomass and fossil fuel utilized by the processing mills. 

3. Results and discussion 

The method of oil palm processing in all the mills visited is 
basically the same (Fig. 1 ). 

Rudimentary oil mill equipment is used by the smallholder 
processors for oil extraction (Supplementary Fig. 1). Wastes 
biomass by-products from the processing of oil palm fruits include 
EFB, PPF, PKS and chaff (Supplementary Fig. 2). The mills typically 
combine different proportions of the biomass and use it as fuel for 
sterilization of threshed palm fruits. The processing of 1 tonne (i.e. 
1000 kg) of FFB in the mill yields 63.4—77.1 L of CPO while gener¬ 
ating the following waste by-products: EFB (240.8-308.5 kg), PPF 
(238.4-281.8 kg), PKS (100.8-115.2 kg) and chaff (14.2-24.3 kg) 
(Table 1). This translated to 24-31% for EFB, 23-28% PPF, 10-12% 
PKS and 1.4—2.4% chaff. Several authors have similarly reported 
various proportions of by-products generated during the process¬ 
ing of 1 tonne of FFB. For instance, in Thailand, Prasertsan and 
Prasertsan [23] reported 20-30%, 12-13% and 6.8-7.4% for EFB, 
fiber and shell respectively for high oil yielding palm tree, but for 
low oil yielding varieties, the proportion was even higher. Pleanjai 
et al. [3] reported the EFB, fiber, shell and decanter cake account for 
28.5%, 30%, 6% and 3% respectively of the FFB. Hambali et al. [29] 
reported 21% and 6.4% as EFB and PKS respectively. Mahlia et al. 
[21 ] reported that 14% fiber and 6% shell is produced during the 
processing of 1 tonne of FFB in Malaysia and Indonesia. Hence, the 
values recorded in this study are within the range reported in 
literature for EFB, but higher in PPF and PKS. Chaff is not reported 
by other authors. Mahlia et al. [21] reported 71% of wastes were 
generated, while 23.5% of CPO and 5.2% of kernel were the major 
products. Similarly, Chavalparit et al. [20] showed that only 22.8% of 
the raw material input consisted of valuable products (CPO and 
PKO). Since CPO processing generates large amount of residue in 
the oil mill, it becomes reasonable to use this resource to fuel 
processing activities in the mills. Apart from boiling and digestion, 
other unit operations in the smallholder oil palm processing is 
basically manual and without any fossil energy or electricity input. 
The energy input for processing 1000 kg of FFB to CPO is presented 
in Table 2. While the biomass is used for boiling, diesel is used to 
fuel Lister generators for digestion. The EFB, PPF, PKS and chaff 
utilized by the various mill ranged from 33.6 to 61.8 kg, 60.6 to 
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Fig. 1. A flow chart of energy sources of small-scale palm oil processing in Rivers State, Nigeria. (EFB = empty fruit bunch; PPF = palm press fiber; CPO = crude palm oil; 
PPFO = palm press fiber oil; PKS = palm kernel shell; * = phase in oil palm processing that requires human energy). 


89.7 kg, 3.1 to 7.6 kg and 2.6 to 9.3 kg respectively, indicating that 
the mills use different combination of biomass to directly fire the 
boilers. The volume of diesel utilized by the mill for digestion is 
quite low ranging from 0.6 to 0.8 L. 

The percentage of the different fractions of the biomass utilized 
as boilers fuel is presented in Table 3. The EFB, PPF, PKS and chaff 
utilized by the various mill ranged from 12.74 to 22.25%, 24.43 to 
33.38%, 2.71 to 6.71% and 15.12 to 49.04% respectively. This indi¬ 
cated that low quantity of waste biomass is utilized in the pro¬ 
cessing mill by smallholders. The proportion of the total biomass 
utilized from the total biomass generated is presented in Table 4. 
The total biomass utilized as boilers fuel ranged from 119.3 to 

152.1 kg. The percentage of the total biomass utilized ranged from 

17.1 to 22.0%. Hence excess, i.e. unused biomass, ranged 78—82.9% 
in the various mills. 

The gross calorific values of the various biomass generated 
during oil palm processing is presented in Table 5. The calorific 
values of the EFB ranged from 16.970 to 18.537 MJ/kg, thus were 
not significantly different among the ten sites (P > 0.05). The PPF 
calorific value ranged from 16.472 to 21.037 MJ/kg, thus being 


significantly different (P < 0.05) among the mills. The calorific 
value of PKS ranged from 19.378 to 21.614 MJ/kg, hence not 
significantly different (P > 0.05) among most mills. The results 
obtained during this study were close to the findings of other 
authors. Wahid [30] reported the calorific value of 19.1 MJ/kg, 
18.8 MJ/kg and 20.1 MJ/kg for EFB, PPF and PKS respectively. 
Sumathi et al. [13] reported 18.84 MJ/kg, 19.07 MJ/kg and 4.95 MJ/ 
kg for EFB, PPF and PKS respectively. However, the findings of 
Sumathi et al. [13] on PKS are far from what we found in this 
study. Prasertsan and Prasertsan [23] reported 9.6 MJ/kg, 4.4 MJ/ 
kg and 17.4 MJ/kg for EFB, PPF and PKS respectively, which are 
also lower than was found in this study. The low calorific values 
reported for EFB and PPF by Prasertsan and Prasertsan [23] were 
due to the wet milling process method used for oil extraction, 
which generated EFB and PPF with high moisture content. Chua 
[31] reported the heating value of 3700 kcal/kg (15.49 MJ/kg) and 
4420 kcal/kg (18.50 MJ/kg) for EFB and PPF respectively. The 
calorific value of chaff ranged from 15.677 to 19.888 MJ/kg being 
significantly different (P < 0.05) in most mills. The calorific value 
of chaff has never been reported. 
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Table 1 

Different fractions of biomass and volume of CPO generated from 1 tonne FFB by smallholder oil palm processing mill. 


PPF(kg) 
PKS (kg) 
Chaff (kg) 


EFB = empty fruit bunch; PKS = palm kernel shell; PPF = palm press fiber; CPO = crude palm oil. 


Energy input for smallholder oil palm processing. 

Oil palm processing activities Energy source Mills 

ABC DEFGHI J 


Digestion 


EFB (kg) 44.4 

PPF (kg) 68.8 

PKS (kg) 5.8 

Chaff (kg) 5.5 

Diesel(L) 0.6 


49.2 49.1 46.1 

60.6 85.4 77.9 

5.0 33 3.0 

4.5 7.5 9.3 

0.7 0.70 0.6 


47.7 33.6 35.0 

74.1 76.7 74.7 

4.4 5.4 5.9 

2.6 5.6 3.8 

0.7 0.6 0.7 


50.3 61.8 44 

89.7 77.7 80 

7.6 3.1 4 

4.5 6.1 5 

0.7 0.70 0 


Percentage of different fractior 


i the various fraction during boiling activity by smallholder oil palm processing mill. 


Oil palm processing wastes (%) Mills 


EFB 


PKS 

Chaff 


14.40 17.53 

24.43 28.08 

5.00 4.60 

22.45 22.95 


16.25 16.46 

30.63 30.87 

2.90 2.71 

33.05 49.04 


18.94 13.97 

30.53 32.20 

4.37 5.26 

15.12 39.74 


12.74 16.62 

29.66 33.38 

535 6.71 

22.75 21.38 


22.25 1531 

29.47 30.66 

2.74 4.11 

29.45 29.25 


Table 4 

Percentage of total biomass utilized by smallholder oil palm processing mill. 


Wastes expression 


A B C D E 


G H I J 


Total wastes generated (kg) 729.8 

Total wastes utilized (kg) 124.5 

Total wastes utilized (%) 17.1 

Total wastes underutilized (%) 82.9 


659.9 716.8 660.0 

119.3 145.3 136.3 

18.1 20.3 20.7 

81.9 79.9 79.3 


612.0 

128.8 


79.0 


653.4 

119.4 
18.2 


81.8 


677.2 

133.8 

19.6 


Calorific valve of oil palm processing biomass (MJ/kg). 


PKS 


Chaff 


17.481 ± 0.274 ab 
19.032 ± 0.729b 
17.644 ± 0.430 ab 
17.979 ± 0.526 ab 
18.537 ± 1.159 ab 
17.854 ± 0.380 ab 
16.970 ± 0.333a 
17.575 ± 0.157 ab 
17.448 ± 0.247 ab 
18.074 ± 0.100 ab 


18.035 ± 0.518 ab 
19.188 ± 0.036bcd 
18.263 ± 0.333 ab 
19.801 ± 0.760bcd 
19.591 ± 0.299bcd 
18.387 ± 0.438 ab 
18.714 ± 0.638bc 
21.037 ± 0.586d 
16.472 ± 0.731a 
20.665 ± 1.387cd 


19.281 ± 0.581a 
20.701 ± 0.266abc 
19.378 ± 0.211a 
20.812 ± 0.090abc 
20.655 ± 0.347abc 
20.348 ± 0.830abc 
20.328 ± 0.211abc 
21.614 ± 1.253bc 
19.447 ± 0.227 ab 
21.841 ± 1.141c 


16.704 ± 0.112 ab 
19.888 ± 0.58Id 
16.870 ± 0.104 ab 
17.514 ± 0.637abc 
19.709 ± 0.253cd 
17.746 ± 0.549abcd 
17.790 ± 0.272abcd 
17.556 ± 0.560abc 
15.677 ± 1.698a 
18.707 ± 0.609bcd 


Each value is expressed as mean ± standard error (n = 3). Different letters in each column indicate significant differences at P < 0.05 according to the Duncan Statistics. 


The total energy utilized by the processing mills is represented 
in Table 6. For every tonne of FFB, the total energy required ranged 
from 2179.43 to 3014.31 MJ. Out of these, 98.22-98.75% comes 
from biomass, while the remaining 1.25-1.78% comes from fossil 
fuel. This result is close to the findings of Chavalparit [32] who 


reported that 2% of energy needed for oil palm processing comes 
from fossil fuel. The result indicated that diesel fuel accounts only 
for a minor portion of the energy used by smallholders. Although 
the energy from diesel is little, it is possible to substitute diesel with 
waste biomass to achieve 100% energy self-sufficiency. There are 
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Table 6 

Total energy utilized by the processing mills (MJ/kg). 




Energy source 


Boiling Biomass EFB 

PPF 
PKS 
Chaff 

Total energy from biomass 
Crushing Fossil Diesel 

Total energy 
Boiling X Biomass 

Crushing X Fossil 


A B 


776.16 936.38 

1240.81 1162.79 

111.83 103.51 

91.87 89.50 

2220.67 2292.18 

33.78 39.41 

2254.45 2331.59 

98.50 98.31 

1.50 1.69 


C D 


866.32 828.83 

1559.66 1542.50 

63.95 62.44 

126.53 162.88 

2616.46 2596.65 

39.41 33.78 

2655.87 2630.43 

98.52 98.72 

1.48 1.28 


884.22 599.89 

1451.69 1410.28 

90.88 109.88 

51.24 99.38 

2478.03 2219.43 

39.41 33.78 

2517.44 2253.21 

98.43 98.45 

1.57 1.55 


G H 


593.95 884.02 

1397.94 1887.02 

119.94 164.27 

67.60 79.00 

2179.43 3014.31 

39.41 39.41 

2218.84 3053.72 

98.22 98.75 

1.78 1.25 


j J 

1078.29 802.49 

1279.87 1653.20 

60.29 96.10 

95.63 93.54 

2514.08 2645.33 

39.41 45.04 

2553.49 2690.37 

98.71 98.32 

1.29 1.68 


various innovative and technological options for the utilization of 
leftover oil processing biomass. For instance, technical grade oil 
produced from PPF, which is typically not used for food purposes, 
can be used as fuel to directly power the Lister engines during 
digestion. CPO, crude palm kernel oil (CPKO) and palm pressed fiber 
oil (PPFO) can therefore be used to fuel the diesel engines. Because 
of the problem of high viscosity, it is recommended that these oils 
be pre-heated to 100 °C before use [33,34], Waste biomass (EFB, 
PPF, PKS and chaff) can be used to pre-heat the oil before being used 
to directly fuel the diesel engine for oil digestion. 

Apart from satisfying their energy requirements, palm mills, 
because of the generation of excess biomass, are potential centers 
for biofuel production. The prospects of large-scale biomass energy 
production are particularly attractive for countries with large areas 
of suitable soil and favorable climatic condition [34], such as 
Nigeria. Biomass energy is obtained from living organisms which 
includes plants, microbes, animals and their by-products. Har¬ 
nessing biomass energy has less damaging impacts on the envi¬ 
ronment. Biomass is one of the most promising renewable energy 
sources which are utilized as solid, liquid and gaseous fuels [35], Oil 
palm processing residues are best among biomass due to avail¬ 
ability in the milling sites [36]. 

Solid (briquettes, biochar), liquid (biodiesel, bioethanol, bio¬ 
methanol) and gaseous (biogas, hydrogen) biofuels can potentially 
be produced from oil palm [37—40], Through esterification and 
trans-esterification processes, biodiesel has been produced from 
CPO and waste PPFO [41^43], Bioethanol can be produced via the 
traditional yeast fermentation of oil palm sap and the hydrolysis of 
EFB followed by fermentation. Bio-oil can be produced from oil 
palm wastes via pyrolysis [44-46], A variety of liquid biofuels can 
also be produced from oil palm wastes via gasification and Fisher- 
Tropsch synthesis including FT diesel, FT kerosene, FT gasoline, 
biosyngas, methanol, ethanol, dimethyl ether and other green 
chemicals [47], Other liquid biofuel can also be produced from oil 
palm via liquefaction [48], Bio-hydrogen [49-53] and biogas 
[13,54] have successful been produced from POME via anaerobic 
digestion. Briquettes and biochar are among the solid biofuels 
generated from oil palm wastes. Other solid biofuel are generated 
via torrefaction [55—57], 

4. Conclusion 

The study evaluated the contribution of various energy sources 
to the smallholder processing of oil palm in Nigeria. There are 
several processing steps in oil palm production, most of which are 
carried out manually, using only human energy. Only two opera¬ 
tions, boiling and digestion, require energy input, which is provided 
by waste biomass and diesel fuel respectively. Results indicated 
that diesel accounted for less than 2% of the total energy required, 
while oil palm processing wastes accounted for over 98% of the 


energy required. Though, the contribution of fossil fuel for oil palm 
processing is quite minor, it can be replaced by pre-heating CPO, 
CPKO and PPFO to 100 °C before using it to directly fuel diesel 
engine for digestion. 
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